DNA such as this because there are effectively fewer possible character states, so sites saturate quickly (e.g., Brower and DeSalle 1998; Wolfe and Sharp 1993) . Unfortunately, how one would accurately correct these tables for multiple hits is not obvious. Any post hoc correction to the tables will need to incorporate a realistic model of the mode of substitution, which in nematode DNA is extremely biased and is not fit by any of the standard models ( Blouin et al. 1998) .
Further research is needed to determine if selection really acts differently in nematode mtDNA, or if the MK test results are purely an artifact of silent-site saturation. The simplest test would be to find pairs of nematode species that have not diverged as much as these species pairs. Although the search for such pairs might be difficult, it would be worth the effort because nematodes would be an excellent taxon in which to do a comparative study of selection on mtDNA. Nematodes appear to vary much more widely than vertebrates or Drosophila in specieswide effective population sizes (Anderson et al. 1998; Blouin et al. 1998 Blouin et al. , 1999 , which makes them useful for testing certain predictions of nearly neutral models of mtDNA evolution ( Nachman 1998; Rand and Kann 1998) . Because nematodes have such biased mt-DNA base composition and code for all their genes on the same strand of mtDNA (Okimoto et al. 1992) , they should be useful for testing predictions about the interaction between mutation and selection in driving codon usage, and on the extent to which synonymous sites really are neutral (e.g., Akashi 1995; Rand and Kann 1998) . This taxon thus represents an underutilized, but potentially very useful system for studying selection on metazoan mtDNA.
R. L. L. Kellner
In Paederus riparius, (ϩ) females able to biosynthesize the unique hemolymph toxin pederin and (Ϫ) females lacking this ability co-occur in natural populations. Larvae descended from both types of females were reared in the laboratory and the imagoes were crossed in order to get information about a possible genetic basis of this polymorphism. The daughters of (ϩ) mothers become (ϩ) females or (Ϫ) females, while the progeny of (Ϫ) mothers comprises only (Ϫ) females. This suggests a matrilineal trait because pederin biosynthesis cannot be inherited from the father. The rather stable proportion of nearly 90% (ϩ) females in collected females is not maintained, however, when the beetles are reared in the laboratory. This observation is discussed with regard to artificial rearing conditions, where individuals are kept separate and cannot prey on conspecifics.
Rove beetles of the genus Paederus (Coleoptera: Staphylinidae) are notorious for their irritant hemolymph toxin which causes dermatitis linearis when the beetles are crushed and smeared on the skin. The affliction has been studied extensively, resulting in about 5% of the more than 600 Paederus species being known as causative ( Frank and Kanamitsu 1987) . Isolation of the toxic substance, which was named pederin by Pavan and Bo (1953) , led to the discovery of an amide with complex structure (Cardani et al. 1965b; Matsumoto et al. 1968) . The biosynthesis of this unusual compound, which immediately became a target of scientific interest (Cardani et al. 1965a) , could not be re-solved in detail but is regarded as a polyketide synthesis (Cardani et al. 1973) . This pathway implies the presence of multifunctional proteins that biosynthesize (part of ) the substance through metabolic channeling ( Luckner 1990) .
After experimental application of Paederus hemolymph to human skin, no reactions were observed by Ito (1934) using P. poweri and by de Leon (1952) using P. fuscipes, two species which were shown by other authors to cause dermatitis ( Frank and Kanamitsu 1987) . Such a negative result was attributed to immunization of the test person ( Théodoridès 1952) . Recent chemical analysis of P. riparius and P. fuscipes ( Kellner and Dettner 1995) , however, indicate that contradicting evidence using the same species is a real phenomenon due to pederin polymorphism. In both species studied, most of the females accumulate pederin and transfer it into their eggs, whereas some females are obviously unable to biosynthesize the substance and lay eggs without pederin. The former are concisely called (ϩ) females, the latter (Ϫ) females. Like the (Ϫ) females, larvae and males do not increase their pederin content by themselves but sequester the substance received maternally or consumed if given access to conspecifics.
Polymorphism for a defensive compound is known in great detail from an example in plants: Trifolium repens has a cyanogenic and an acyanogenic morph which differ in mollusk acceptability ( Dirzo and Harper 1982) . Cyanogenesis, the production of HCN, has long been known to be dependent on the presence of cyanogenic glucosides and a specific ␤-glucosidase (Jones 1972) . It is widely accepted that the cyanogenic polymorphism is controlled by alleles of two loci ( Hughes 1991) : Alleles at locus Ac determine the presence or absence of two cyanogenic glucosides, linamarin and lotaustralin, while alleles at locus Li regulate the presence or absence of linamarase, a ␤-glucosidase that hydrolyzes linamarin and lotaustralin. The loci segregate independently according to Mendelian ratios.
After discovering the pederin polymorphism in Paederus, Kellner and Dettner (1995) hypothesized that this polymorphism might also be explained by genetic differences. Heterozygous (ϩ) females could then produce homozygous (Ϫ) females, which were surmised because some females descended from (ϩ) females had not accumulated pederin when they were analyzed several months after imaginal eclosion. As pederin is present in the hemolymph all the time and not only after liberation by an enzyme after predation as in cyanogenesis, one locus could suffice for the distinction between (ϩ) and (Ϫ) females. Analyzing the progeny of known specimens reared in the laboratory, this study aims at finding evidence for or against such a genetic basis of pederin polymorphism.
Materials and Methods

Beetles
Adult rove beetles (Paederus riparius) are found in central Europe mainly in spring and autumn ( Horion 1965) . The beetles reproduce in spring and imagoes of the new generation hibernate ( Boháč 1985) . Therefore beetles collected in northeastern Bavaria, Germany, from autumn 1992 to spring 1996 were grouped according to their expected season of reproduction, that is, the 1992 autumnal catch was combined with the beetles collected in spring 1993 under the label 1993 and so forth. Nine sites in northeastern Bavaria were visited, some repeatedly, to collect P. riparius: two sites in 1993, four in 1994, six in 1995, and two in 1996. The sites lie up to 100 km apart.
In the laboratory the beetles were isolated according to sex and site. Those collected in autumn had to be hibernated artificially by placing them for at least 3 months in a dark climate chamber at 6ЊC. After that period or upon collection in spring, pairs were founded and kept separately as described by Kellner and Dettner (1995) in order to obtain eggs of particular females. The eggs were taken out of the breeding cages three times per week and the larvae reared on moist absorbent paper in 24-cell wells (1.7 cm diameter of the wells). Frozen Drosophila melanogaster flies were supplied twice a day. One feeding during each larval stage (first and second stadium) consisted of a piece of either a Tenebrio molitor larva or a Calliphora pupa, which reduces larval mortality to about 22% ( Kellner 1998) .
The first-generation laboratory-reared imagoes were kept singly in petri dishes (9 cm diameter) with moist absorbent paper where they were fed with live D. melanogaster (strain vg). After artificial hibernation (2-4 months in a climate chamber at 12ЊC with a 9:15 h day/night photoperiod) pairs reproduced to give a second generation (20ЊC, 15:9 h day/night). The pairs were fed with pieces of T. molitor larvae or C. pupae as well as D. melanogaster.
By trying to continue this breeding, only a few imagoes of the third generation were obtained which were not kept long enough to be included in this study (see below). The progeny of F 1 females, that is, generation F 2 , is important because only then are both parents known. In contrast, females from the natural population could have copulated prior to collection, that is, their mate in the laboratory need not be the progeny's father.
Pederin Analysis
Pederin contents of single specimens were determined using the method described in detail by Kellner and Dettner (1995) . Crude (of eggs) or purified (of imagoes) ethyl acetate extracts were chromatographed on HPTLC plates (0.2 mm silica gel 60, Merck) with ethyl acetate as solvent and stained in anisaldehyde-sulfuric acidacetic acid (1:2:100 v/v/v, 2 min at 90ЊC). Pederin spots at R f ϭ 0.22 were quantified with a computer program ( BASys 1D, Biotec Fischer GmbH, Reiskirchen) using calibration lanes on each plate where known amounts of authentic pederin had been applied.
Data Analysis
The females were classified as (ϩ) females or (Ϫ) females according to the following rules:
1. Females laying eggs lacking pederin are obviously (Ϫ) females. Likewise, females whose eggs contain more than 0.4 g pederin are (ϩ) females. As already noted by Kellner and Dettner (1995) , (Ϫ) females may transfer small amounts of pederin (Ͻ0.1 g) into their first few eggs. This occurs especially in laboratory-reared (Ϫ) females descended from (ϩ) females, who have thus received maternal pederin and transfer it into their own eggs. Therefore females that transferred less pederin into all their eggs than they had received maternally are classified as (Ϫ) females. 2. Females that could not be stimulated to lay eggs or were not kept long enough to do so were preserved by freezing and extracted. In this case only females 2 months or more of age are considered, as females accumulate pederin within 60 days after imaginal eclosion ( Kellner 1998) . The (ϩ) females' descendants were classified as (ϩ) females if they had more than 2.5 g of pederin in their whole-body extract, that is, more than they could have received maternally ( Kellner and Dettner Figure 1 . Percentage of (ϩ) females (with 95% confidence interval) in P. riparius samples collected from several sites in northeastern Bavaria during four consecutive years. The females were caught during the preceding autumn or in spring of the respective years and laid eggs in the laboratory containing or lacking pederin. 
Daughters were classified as (ϩ) or (Ϫ) females according to the eggs they laid or from their whole-body extract if no eggs were obtained. Females (1-11) with at least four daughters are given separately.
Figure 2. Percentage of (ϩ) females (with 95% confidence interval) in laboratory-reared P. riparius females descended from (ϩ) mothers and kept in breeding cages together with a male. Part of the females laid eggs while the others did not reproduce. Many females were classified according to both methods described above. No inconsistencies between these two sets of data were observed. Analysis of the eggs, however, is the prime method given in the results section, with whole-body extracts shown only for specimens without eggs available.
Statistical analyses were performed using CSS (StatSoft Inc., Tulsa, OK, version 2.1). Ninety-five percent confidence intervals of frequencies were calculated according to the method described by Sachs (1984) . The binomial distribution, described by Sokal and Rohlf (1995) , is applied to the data of (Ϫ) females' progeny.
Results
Collected Females
In P. riparius females collected from outdoors and reproducing in the laboratory, there is a small but persisting percentage of (Ϫ) females. Most of the females (nearly 90%), however, are (ϩ) females ( Figure 1 ). There is no significant change in the percentage of (ϩ) females over the years ( 2 ϭ 5.22, df ϭ 3). The proportion of the two types of females thus appears to be rather stable in the natural population. In the hypothesized single gene, two allele system p (ϩ) , the gene frequency for pederin biosynthesis, could be calculated from (1 Ϫ p (ϩ) ) 2 ϭ 0.1, thus p (ϩ) ϭ 0.7. The proportion obtained by analyzing the eggs laid in the laboratory could be biased if one type of female is more likely to lay eggs under these conditions. Therefore all females failing to reproduce in 1995 (the year with most cases), although kept in pairs for several weeks, were extracted after the unsuccessful breeding trial and classified. This resulted in 17 (ϩ) females and 1 (Ϫ) female, which does not differ from the proportion obtained from egg-laying females (49:2, 2 ϭ 0.09, df ϭ 1). Laboratory breeding thus does not favor one type of female.
Progeny of (؉) Females
The progeny of (ϩ) females reared in the laboratory is split into (ϩ) females and (Ϫ) females ( Table 1) . Indeed, 18 (Ϫ) females laying eggs without pederin could be found. Moreover, there is no clear predominance of one type of female. One female (no. 1 in Table 1 ) produced exclusively (Ϫ) females, while two females (nos. 10 and 11) had only (ϩ) females in their progeny. A whole array of proportions spans between these two extremes, with four (ϩ) mothers producing predominantly (Ϫ) females, three (ϩ) mothers nearly no (Ϫ) females, and four (ϩ) mothers in between. There is thus no pattern of proportions emerging from these data on (ϩ) and (Ϫ) females descended from (ϩ) mothers ( Table 1) . Given (p (ϩ) ) 2 ϭ 0.47, which has been approximated from the data on collected females, about half of the (ϩ) mothers (52%) would have been expected to produce only (ϩ) females and the other half (48%) a 1:1 ratio of (ϩ) and (Ϫ) females. The data in Table 1 do not fit that hypothesis, as only 2 of 11 (ϩ) mothers produced exclusively (ϩ) females ( 2 ϭ 5.04, df ϭ 1, P Ͻ .05). Furthermore, if the hypothesis was correct, there should have been no (ϩ) mothers producing only (Ϫ) females (as no. 1).
Compared to the proportions in the natural population, (ϩ) females give rise to remarkably many (Ϫ) females in the laboratory. When given the opportunity to reproduce, however, (ϩ) females reared in the laboratory will succeed more often than (Ϫ) females ( 2 ϭ 6.19, df ϭ 1, P Ͻ .05; Figure 2 ). This differs from the equal breeding performance of both types of collected females.
Analysis of (ϩ) females' progeny according to generation number reveals a decline of (ϩ) females from generation to generation ( Table 2A : F 1 ϭ progeny of (ϩ) mothers paired with collected males, F 2 ϭ progeny of (ϩ) mothers paired with sons of (ϩ) females). Twelve additional F 2 females had not accumulated pederin until they were analyzed at 30 days old. These data are not included in the analysis, however, because identification of (ϩ) females is not reliable at this early age, although some increase in pederin content should have occurred in (ϩ) females within this lifespan ( Kellner 1998) . Nevertheless, the data obtained show a reduction of (ϩ) females in F 2 as compared to F 1 ( 2 ϭ 8.00, df ϭ 1, P Ͻ .01), although all F 1 females had been crossed with sons of (ϩ) females. Even F 1 females have a clearly reduced proportion of (ϩ) females with regard to collected females ( 2 ϭ 46.60, df ϭ 1, P Ͻ .001).
Progeny of (Ϫ) Females
Contrary to the progeny of (ϩ) females, the progeny of (Ϫ) females is not split into (ϩ) females and (Ϫ) females ( Table 2B) . Not only did the collected (Ϫ) females, which were paired with collected males, produce only (Ϫ) females, but the progeny of (Ϫ) females reared in the laboratory and paired with males of known descent is exclusively (Ϫ) females. Three of the (Ϫ) females whose progeny are analyzed here were themselves descended from (ϩ) females, suggesting that there is no effect if the maternal grandmother or both grandmothers were (ϩ) females.
In summary, there are 57 (Ϫ) females and no (ϩ) female descended from (Ϫ) females. According to the binomial distribution, the probability of obtaining such a result is ( ) (1 Ϫ q) 0 q 57 ϭ q
57
, where q 57 0 stands for the probability of (Ϫ) females in the progeny. Suppose q should be the same as in the (ϩ) females' progeny (q ϳ 0.5). This would give a practically impossible observed result (probability Ͻ 10
Ϫ17
). Therefore q must be much higher indeed. Calculating the other way round, the observed result would be expected in 5% of cases if q ϭ 0.948. The probability of (Ϫ) females producing (ϩ) females can thus be only 0.052 or lower, because higher values would have led to the detection of (ϩ) females regarding conventional significance criteria.
Overall Performance of Laboratory Population
Including the progeny of both (ϩ) and (Ϫ) females, Figure 3 shows a rapid decline in the percentage of (ϩ) females in the laboratory. Although fewer and fewer females are able to biosynthesize pederin, the amount of substance accumulated in one specimen is not affected ( Table 3) . Laboratory-reared specimens that are able to biosynthesize the toxin accumulate large amounts. The maxima observed indicate a positive nutritional effect for specimens kept in the laboratory as compared to specimens analyzed immediately after collection. That means, the amide is not diluted and lost due to possibly inadequate food quality or supply. The frequency of females is reduced in laboratory-reared imagoes as compared to collections from outdoors ( 2 ϭ 7.09, df ϭ 1, P Ͻ .01; Table 4 ). This difference is mainly due to the sex ratio found in the progeny of (Ϫ) mothers, as they produce fewer daughters than (ϩ) mothers ( 2 ϭ 7.80, df ϭ 1, P Ͻ .05). Such a shift could be caused by differences in mortality during the laboratory rearing.
Discussion
The analysis of laboratory reared specimens of P. riparius reveals several remarkable and even unexpected insights into females' pederin polymorphism. First, (Ϫ) females can be descended both from (ϩ) females and (Ϫ) females. This could be important for maintenance of the polymorphism in natural populations. As larvae without pederin are selectively preyed on by wolf spiders ( Kellner and Dettner 1996) , the progeny of (Ϫ) females might not become adult in the field. In the long term, this would lead to extinction of the polymorphism if (ϩ) females only produced (ϩ) females. From this observation, the initial hypothesis based on heterozygous (ϩ) females might be true.
Second, (Ϫ) females had only (Ϫ) females in their progeny. Thus the males cannot contribute to their daughters' ability to accumulate the toxin and protect their grandchildren against spider attacks. Transition in succeeding generations between the two polymorphic characters seems to be possible only in one direction, from (ϩ) females to (Ϫ) females and not vice versa. Taking this into account, pederin biosynthesis appears to be a matrilineal trait.
Third, the (ϩ) females produced a high proportion of (Ϫ) females. In view of the rather stable high percentage of (ϩ) females collected, the occurrence of pederin in diverse species of Paederus, and the (Ϫ) females' inability to give rise to (ϩ) females, this is a most unexpected result. The ability to accumulate pederin would be lost within a few generations. In the natural environment, however, the proportional reduction of (ϩ) females could be counteracted by ( heavy) selection against (Ϫ) females. But a selection pressure as high as required in this case is not known. Spiders, the only predators proved to be deterred by pederin ( Kellner and Dettner 1996) cannot be blamed for that because they reject all progeny of (ϩ) females, that means future (Ϫ) females as well. Abiotic factors such as a distinct hibernation rate between (ϩ) and (Ϫ) females can be ruled out, as the females collected in autumn and hibernated artificially gave no indication of such a factor's importance.
Regarding the data discussed, it is clear that the initial hypothesis is not supported because the ability to biosynthesize pederin cannot be inherited from the father and furthermore no Mendelian proportions are found in the progeny of (ϩ) mothers. The sudden drop of the percentage of (ϩ) females in F 1 could be explained by approaching equilibrium of gene frequencies ( Falconer and Mackay 1996) , but data on F 2 do not support this possibility as there is a further drop. The results thus indicate a completely different mode of transmission from one generation to the next. This might involve characteristics of the egg that are supplied only by the mother, such as cytoplasmic genes, distinct cell compartments with their own genome as in mitochondria, or even microorganisms. Microorganisms, for example, could also be involved in sex ratio distortion, as described in other beetles (e.g., Werren et al. 1994 ). Furthermore, they could be transmitted horizontally among unrelated members of a population. Since Paederus beetles are known to prey on conspecifics (Pickel 1940; Ramírez 1966) , such a horizontal transmission could account for the high percentage of collected (ϩ) females. In the laboratory breeding scheme, specimens were intentionally kept apart, which prevents them from eating others. This was important for individual recognition of specimens, which was the aim of this study. Other experiments are needed to address the open questions of which quality of the egg could be responsible for transmission of biosynthetic capabilities and how important preying on conspecifics might be.
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G-and C-banded karyotypes for two insular species of deer mice, Peromyscus slevini and P. sejugis, are described and analyzed relative to the evolutionary relationship of these species to and their inclusion within the P. maniculatus species group. The chromosomal phenotype of P. slevini is unique among all banded karyotypes reported for Peromyscus, and comparison with published karyotypes suggests that P. slevini has systematic affinities with either the P. boylii or P. mexicanus species groups. The karyotypic data for P. sejugis clearly align these mice with P. maniculatus and provide a diagnostic character that supports the specific distinction between these taxa.
Of the 13 currently recognized groups in the genus Peromyscus (Carleton 1989), none is more widely distributed or intensively studied than is the P. maniculatus species group. With the exception of the addition of two insular species (P. slevini and P. sejugis) from the Gulf of California, Osgood's (1909) initial constitution of this group (P. maniculatus, P. polionotus, P. melanotis, and P. sitkensis) has remained remarkably stable. Recent analyses, however, have raised questions concerning the circumscriptions of some of the inclusive species and stimulated reconsiderations of the systematic affinities and composition of this group. Analyses of genetic and morphologic characters resulted in the recognition of P. keeni, subsuming P. sitkensis and including most of the subspecies of P. maniculatus from the Pacific northwest (Allard et al. 1987; Allard and Greenbaum 1988; Calhoun and Greenbaum 1991; Gunn 1988; Gunn and Greenbaum 1986; Hogan et al. 1993; Sullivan et al. 1990) . Chromosomal data have also pro-
